Mice chronically infected with the intracellular protozoan Toxoplasma gondii or Besnoitia jellisoni were resistant to footpad challenge with Mycobacterium leprae. Resistance was manifested by lower numbers of recoverable M. leprae in the footpads of protozoal-infected mice and was enhanced in Toxoplasma-infected mice by a booster injection of Toxoplasma antigen in the infected footpad. The results suggest a major role for the activated macrophage in the control of M. leprae infection.
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Infection of the mouse footpad with Mycobacterium leprae provides a model suitable for studying some aspects of the host-parasite relationship in leprosy. After the inoculation of a small number of viable M. leprae into the footpad of an immunologically competent mouse, there is a lag phase lasting 30 to 60 days, during which there is no detectable increase in the number of organisms (21) . There follows a logarithmic phase of growth during which the number of organisms increases with an average doubling time of about 12.5 days until, at 100 to 150 days, a plateau of approximately 106 organisms per footpad is reached and multiplication of M. leprae essentially ceases. Histopathological observations reveal that during this stationary phase the infected footpad tissue displays a low-grade inflammatory process characterized by the presence of a mononuclear cell infiltrate, and death of the organisms is demonstrated upon subinoculation into mice (9, 22) . The growth of organisms beyond the level of 106 in footpads of immunologically compromised mice (23) , and the demonstration that an established stationary phase infection, or one late in the logarithmic phase, protects against challenge with M. leprae in the opposite footpad (4), suggests that immunological factors are responsible for this cessation of growth and subsequent death of M. leprae. Moreover, ultrastructural observations of macrophages present in the infected footpad during the stationary phase revealed changes in these cells consistent with those seen in activated macrophages (1) .
Infection with Toxoplasma gondii or Besnoitia jellisoni stimulates a population of activated macrophages that persist for prolonged periods, probably for the life of the host. Such macrophages have been shown to be the effector cells of nonspecific resistance to such intracellular pathogens as Listeria monocytogenes, Salmonella typhimurium, Brucella abortus, Cryptococcus neoformans, and Mengo virus in these protozoal-infected mice (3, 17, (18) (19) (20) . The purpose of the present study was to determine whether chronic infection of mice with Toxoplasma or Besnoitia also protects against infection with M. leprae. Control, Atlanta, Ga., and subsequently carried in mouse passage. The course of the M. leprae infection in the footpads was followed at intervals by harvest and enumeration of the acid-fast bacilli (AFB), according to methods described by Shepard (21, 24) . The time required for the number of M. leprae to reach the plateau value was calculated from the regression of the logarithm of the number of AFB harvested per footpad on the time elapsed between inoculation and harvest. To determine the proportion of viable M. leprae in the footpads of normal and protozoal-infected mice, normal mice ("passage mice") were inoculated into the footpads with 5 x 103 NONSPECIFIC RESISTANCE TO M. LEPRAE and the multiplication of M. leprae was evaluated at intervals by harvesting the footpad tissues of the passage mice. Assuming a constant doubling time during logarithmic multiplication and a lag phase of constant duration, the time from passage to multiplication to the plateau level is directly related to the proportion of viable M. leprae in the passage inoculum. An analysis of 71 growth curves, each based on two harvests, demonstrated that the standard deviation of the time-to-plateau calculated from a single harvest is 8 days (10) .
MATERIALS AND METHODS
Protozoal antigens. Soluble T. gondii antigen was prepared from purified and osmotically lysed trophozoites of the RH strain as previously described (7) . Soluble B. jellisoni antigen was prepared in a similar manner from trophozoites obtained from macroscopic cysts harvested from the omentum and serosal lining of the peritoneum of chronically infected mice. Protein content of the antigens was determined by the method of Lowry (11) .
RESULTS
To determine whether infection with T. gondii induces increased resistance to multiplication of M. leprae, uninfected control mice and mice infected intraperitoneally with T. gondii 40 days earlier were challenged with M. leprae in both hind footpads. At intervals after challenge, harvests of the inoculated footpads and enumeration of AFB revealed significantly fewer M. leprae in the footpads of the T. gondii-infected mice than in those of control mice (Table 1) . At the time of the first harvests, 120 days after inoculation with M. leprae, the number of organisms per footpad of the T. gondii-infected mice was only about 20% of that found in control mice; 210 days after challenge, the number of AFB present in footpads of Toxoplasma-infected mice was only 61% of the number present in control animals 70 days earlier. The calculated time-to-plateau was longer in Toxoplasma-infected than in control mice by 88 days (P < 0.001). (Table 2) . At the first harvest (128 days), the antigen-boosted right hind footpads of the T. gondii-M. leprae-infected mice yielded only 6% of the number of AFB present in the footpads of the T. gondii-M. leprae-infected mice injected locally with BSS; the local injection of antigen had produced a marked loss of viable M. leprae. This conclusion is supported by the calculations of the time-to-plateau in the passage mice-156 days for the passage mice that received 5 x 103 AFB from the boosted footpads, compared with 117 days for the passage mice that received AFB from the BSSinjected footpads (P < 0.001). The results presented in Table 2 also show that there was killing of M. leprae in the opposite unboosted left hind footpads of the mice receiving Toxoplasma antigen in the right hind footpad. At 128 days after passage, the footpads of the mice to which these organisms were passaged contained only 39% of the number of AFB present in passage mice inoculated with AFB Table 3 , fewer organisms were observed in the footpads of the Besnoitia-infected than in those of the control mice. At 109 days after challenge, the number of M. leprae harvested from the Besnoitia-infected mice was only about 5% of' the number present in the control footpads, and the time-to-plateau was 73 days longer in the mice to which organisms from the Besnoitia-infected mice were passaged (P < 0.001). Unlike the results of the experiment in which a booster injection of Toxoplasma antigen was administered, there was no delay of multiplication of M. leprae passaged from B. jellisoni-M. leprae- (18, 19) , fungi (3), protozoa (18) , and viruses (17) . In many of these examples of nonspecific resistance, the effector cell was shown to be the activated macrophage, which possessed enhanced microbicidal capacities. Thus, it is interesting to speculate on the role of the activated macrophage in the experiments described in the present report.
Although the persistence of activated macrophages is quite transient following infection with certain intracellular pathogens (i.e., Listeria monocytogenes, Brucella abortus [8, 12] ), mice infected with Toxoplasma or Besnoitia remain infected for life and are continuously being re-exposed to antigen (14, 16) . Infection with T. gondii and B. jellisoni may therefore stimulate a population of activated macrophages for prolonged periods, probably for the life of the host. Such persistence of a population of activated macrophages and the concurrent state of nonspecific resistance appear to depend on the continued interaction of host lymphocytes with the antigens of the infecting organism (13) . The activation of normal macrophages in vitro following incubation with Toxoplasma antigen and sensitized lymphocytes from Toxoplasma-infected guinea pigs has been reported (7) .
The M. leprae in the mouse footpad infection have been shown to reside free in the cytoplasm of macrophages until toward the end of the logarithmic phase of multiplication, after which time the organisms may be found to be degenerating within the phagolysosomes of activated macrophages (1) . The peritoneal macrophages as well as those of the liver and spleen of the protozoal-infected mice are known to be activated at the time of M. leprae challenge in the present experiments (40 days after infection). It is possible that, as a result of the protozoal infection, macrophages normally residing in the footpad were also activated, or that those migrating into the footpad as a result of the M. leprae infection included activated macrophages and thus killed a large fraction of the inoculated M. leprae prior to the beginning of the phase of logarithmic multiplication. Whereas killing of M. leprae appears to have occurred in the booster experiments, in the experiments in which antigen boosting was not employed, killing of M. Ieprae may also have occurred, or alternatively, activated macrophages in the infected footpads may have provided an intracellular environment unfavorable to the multiplication of the phagocytized M. Ieprae. Either of these mechanisms, or both, could have produced the results observed.
